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Hicks, Julia Jean (M.A., Geography) 
Invasion success of the exotic weevil (Rhinocyllus conicus) 
 at high elevations in the Rocky Mountains of Colorado 
Thesis directed by Associate Dean for Natural Sciences and Professor Susan W. Beatty 
ABSTRACT 
Native Colorado thistles are at risk of decline due to increased use by Rhinocyllus 
conicus, a weevil introduced to biologically control nonnative Carduus spp.  R. conicus 
uses one third of North American Cirsium species and here we examine its relationship 
with high elevation thistles in Rocky Mountain National Park and on Niwot Ridge, 
Colorado.  Transects along an elevational gradient were sampled in Rocky Mountain 
National Park and presence/absence of R. conicus was recorded when a native thistle was 
found. Thistle locations were recorded in a GIS, and we examined relationships between 
environmental variables and weevil presence/absence.  A controlled introduction 
experiment was conducted at Niwot Ridge to determine if weevils were able to complete 
their reproductive cycle at high elevation. Results of a logistic regression indicate that R. 
conicus presence on native thistles in Rocky Mountain National Park is associated with 
elevation, such that as elevation increases, the chances of finding weevils decreases.  
Results of the Niwot Ridge experiment indicate that weevils are capable of reproducing 
at treeline.  This is the first experimental study of exotic weevils at high elevation in 
Colorado.  It is likely that R. conicus‟ range could expand to include more native thistles 
as a result of climate change and increasing global temperatures.  
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CHAPTER 1.  INTRODUCTION 
 
 
1.1 Invasive Species 
 
Biogeographers focusing on conservation biology and the preservation of native 
landscapes are concerned with the threats invasive plants pose on biodiversity.  Invasive 
species are problematic because they disrupt human land use activities and are drivers of 
biodiversity loss (Vilà and Ibáñez 2011).  The ability of a plant to extend its geographic 
range beyond its home range allows it to become invasive.  Invasive plants “are those that 
can successfully establish and spread to new habitats after their introduction, seemingly 
without further assistance from humans,” (Radosevich et al. 2007 p.3).  Non-native plants 
that establish and out-compete native plants over a large geographic range must be 
managed to preserve native species and ecosystem functions. Exotic plants alter 
landscapes, threatening native plants and impacting herbivores‟ food sources, particularly 
for specialist consumers.  New World invasions became predominant with European 
exploration in the later part of the fifteenth century and the magnitude of invasions is 
overwhelming.  In the United States and Canada, 10% to 20%, or 2,000 to 3,000 species 
of the plants are exotic (MacDonald 2003 p. 252). Non-indigenous plants also pressure 
farming and ranching enterprises. 
Invasive plants threaten rangeland ecology and can reduce grazing capacity by 
75% (Sheley and Petroff 1999).  Invasive plants alter soil characteristics and replace 
native plants.  Livestock are negatively affected by certain inedible or toxic invasives, 
when they alter the abundance of the preferred food. The invasive musk thistle (Carduus 
nutans) is known to decrease livestock carrying capacity (Sheley and Petroff 1999).  
Non-native plants also impose a burden on the economy, as their management can be 
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expensive.  Pimental et al. (2000) suggested that plant invasions cost $137 billion 
annually in the United States.  Invasive plants are a growing concern for management and 
the solutions can be costly and may have impacts on the environment as well.  
1.2  Evaluating Success of Exotic Species  
 Defining the mechanisms that support successful invasion by exotic species is a 
challenging field of research.  Multiple invasion theories have been generated to explain 
why exotic species become invaders.  The “invasion paradox” refers to a simultaneous 
division in research where both a positive and negative relationship has been described 
between native species richness and invasion by exotic species.  At the fine scale (10 m
2
 
or less), an increase in native species results in a decrease in exotic species, while at the 
broad-scale (1 km
2
 or more), an increase in native species is associated with an increase 
in exotic species (Fridley et al. 2007).  These findings have led to conclusions that 
biodiversity offers fortification from invasion at the fine scale, but may facilitate invasion 
at the broad-scale.  Fine-scale, species-rich communities are more difficult to invade 
because in theory, more niches have been filled, leaving less room for exotic species 
takeover (Hector et al. 2001).  The species-packing model (MacArthur 1970) proposes 
that niche space is increasingly occupied as more species join the community, which 
leaves less room for invading species.  Classic niche theory still thrives in the research of 
biological invasions despite increasing evidence that species interactions are indirect with 
varying responses.  The mismatch in exotic species‟ response to biodiversity is largely 
attributed to differences between observational and experimental design – experimental 
studies utilize fine scales, while observational studies more often utilize broad scales 
(Fridley et al. 2007).  Measurement errors may also skew results because often invasion 
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is correlated with current diversity, which is often much lower than diversity at the time 
of invasion (Levine and D‟Antonio 1999).  Some studies have even found a negative 
relationship between native species richness and exotic species richness at the fine scale, 
indicating that biodiversity is a contentious predictor of invasibility (Hopper and Dukes 
2010).  An ecosystem‟s susceptibility to invasion is not something that can be 
generalized.  Exotic species success can be attributed to a multitude of factors, ranging 
from climate, soil composition and structure, microbial communities, to plant diversity, 
etc.   
 Successful invaders usually have fast growth rates, reproduce early in the season, 
and produce many offspring (Funk and Vitousek 2007). Another important invasion 
theory is the phenotypic plasticity hypothesis.  Phenotypic plasticity is less frequently 
studied empirically and refers to the ability of a plant species with the same genotype to 
express different phenotypes in different environments, thus allowing it to be successful 
in a broader niche (Richards et al. 2006).  Proponents of this theory suggest that thriving 
invaders exhibit high phenotypic plasticity, enabling them to occupy a wide range of 
habitats.  Community ecologists use this theory to argue that restoration efforts will be 
most effective if native species are used with similar traits to those of the invader, but 
with a wide range of functional traits.  This would reduce the available niche space for 
the invader, aiding in the prevention of exotic species establishment (Funk et al. 2008).    
 Lastly, the invasion theory most important for the present work is the enemy 
release hypothesis (ERH).  The ERH proposes that exotic species are successful in new 
environments because they are freed from natural enemies such as insects and disease 
(Blumenthal 2005).  Natural enemies often limit plant species that are adapted to high 
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resource availability in their home range, so release from these natural enemies is 
beneficial in the introduced range and contributes positively to invasibility. The ERH is 
based on three logical arguments, “(1) natural enemies are important regulators of plant 
populations; (2) enemies have a greater impact on native than on exotic species; and (3) 
plants are able to capitalize on a reduction in enemy regulation, resulting in increased 
population growth” (Keane and Crawley 2002, p. 164). The importance of natural 
enemies in plant regulation and community dynamics varies across systems, and scale 
plays a role.  At the fine scale, an insect may regulate plant growth, damaging individual 
plants or patches of plants.  At the broad scale, that same insect may have little effect on 
the entire plant population.  The ERH has also gained support from the successes of the 
biological control of weeds.  Since introducing natural enemies can be highly effective in 
reducing invaders, biological control literature has been cited as evidence for the ERH 
(Keane and Crawley 2002).  
1.3  Biological Control 
Various management practices have arisen to control invasive species including 
pesticides and biocontrols.  The latter method has received a great deal of attention 
because it involves the release of other non-native species to control non-native plants, 
and does not entail the use of harmful chemicals.  Biological control is the method of 
invasive plant management that involves the release of a natural enemy from its place of 
origin to suppress the species that has become a weed in its place of introduction (Arnett 
and Louda 2002). The biocontrol species is usually an insect and has coevolved with the 
invasive species in the geographic location to which both species are native (DeBach and 
Rosen 1991). In biological control theory, the natural enemy that limits the invasive plant 
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in its native range could be used to limit its success in the new territory.  Biogeography is 
a critical component in studies of biological control because what happens with an 
insect/plant interaction in the home range may not hold true in the introduced range.  
Still, the simplicity and efficiency of this invasive species management strategy is 
compelling to anyone concerned with ecosystem preservation.  Biocontrols offer the 
perfect solution to the difficulties of previous management techniques.  The hazards of 
pesticides and the toils of manual weeding are relieved.  However biological controls 
have negative impacts as well.  Non-native introductions often have repercussions on the 
landscape, and a better understanding of the basic ecology of species interactions is 
needed to justify releasing non-native insects to new regions.  
“Many natural enemies operate unsuspected, and it is amazing how complex the 
bio-ecological interactions may be when detailed studies of any given organism 
are made.” (Debach and Rosen 1991, p. 35) 
Paul DeBach (1914-1993) was an Emeritus Professor of Biological Control in the 
department in Entomology at the University of California, Riverside.  He devoted himself 
to studying the science of biological controls at the age of 19 and was a pioneer in the 
field.  While biocontrols are an incredible innovation to invasive species management, 
much remains to be studied about their ecology and behavior in their introduced range. 
The amount of knowledge it takes to fully understand how species operate in new 
environments is overwhelming.  An introduced biocontrol species can easily spread to 
non-target species (not intended to be attacked) thus becoming an invasive species itself 
(e.g. Louda et al. 1997, Louda and Arnett 2000, Pemberton 2000, Louda et al 2005, 
Russell and Louda 2005, Rand and Louda 2006).  Many people argue that much more 
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knowledge is needed about the non-target effects of biocontrols in their release 
environment, and “quantification of [these] associated risks is still a scientific frontier.” 
(Louda et al. 2005, p.234) Few can argue that there are associated risks with introducing 
biocontrols, but what remains controversial is the magnitude of these impacts and how 
exactly to quantify them (Louda et al. 2005).   
Much remains to be learned about the non-target effects of introduced biocontrols.  
Biogeography is often concerned with the spread of invasive species and understanding 
their consequences for biodiversity, so the ability of biocontrols to become invasive is of 
great importance.  In some cases scientists are not aware of potential risks of 
introductions, and in other cases they do recognize and can even predict risks. Some 
effects are tested for, prior to release, but other effects are not recognized until they are 
observed in the field.  There are a number of biological control agents that exist, and this 
thesis research focuses on the widespread weevil, Rhinocyllus conicus Fröelich that has 
received a great deal of attention in scientific research.  Rhinocyllus conicus Fröelich 
(Figure 1) is a weevil that feeds on various thistle genera.  
R. conicus was introduced to North America from its native range in Europe in 
1969 to control invasive Eurasian Carduus sp., particularly musk thistle, Carduus nutans 
(Louda et al. 1997, Pemberton 2000, Louda et al. 2005).  “R. conicus adults feed on 
thistle stems, leaves, and bracts of flower heads, but the potential for thistle control 
depends upon larval feeding within the receptacles, inhibiting seed production” (Surles 
and Kok 1978, p.264).  R. conicus overwinters in the soil and the adults emerge in the 
spring between May and June to begin laying their eggs (oviposition) in the thistle head.  
Eggs incubate for approximately 6 to 8 days and then the larvae emerge and feed on 
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developing thistle seeds for 14 – 30 days.  After the larval feeding period, pupation 
occurs and adult weevils appear 8 to 14 days later, spend a few more weeks on the plant, 
and then depart (Surles et al. 1974, Hodgson and Rees 1976, Louda et al. 2005).  Seed 
predation by R. conicus is known to be an effective biocontrol for reducing thistles in 
North America.  Although R. conicus can reduce Carduus sp., it had been shown prior to 
its release in North America to feed on other thistles that are native to North America, 
including Cirsium, Silybium, and Onopordum generas (Zwolfer and Harris 1984, Louda 
et al. 1997).  Even though its potential to attack other native species was known, R. 
conicus was still released in North America.  
Many studies have attempted to quantify non-target effects of R. conicus in North 
America.  Host specificity (although it had been shown) was not published until after the 
release of R. conicus in North America, but field data recorded in Europe indicated that 
hosts were restricted to true thistles, including Carduus spp., Silybium marianum and 
Figure 1. Adult Rhinocyllus conicus Fröelich on a thistle.    
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Cirsium spp. (Arnett and Louda 2002).  Zwolfer and Harris (1984) provided the 
published evidence to suggest that R. conicus strongly preferred Carduus spp. to native 
Cirsium spp.  Although preference for Carduus spp. was detected, there have been a 
number of studies since then indicating R. conicus‟ use of non-target hosts.  Many of 
these studies have been conducted in Nebraska and Virginia but fewer studies exist in 
Colorado. The host range of R. conicus is much larger than it was thought to be prior to 
its release.  Pemberton (2000) conducted a literature review of the non-target effects of 
117 natural enemies, including R. conicus, and found that out of 90 Cirsium thistles, 22 
of them were hosting R. conicus, including some rare Cirsium species.  In Rocky 
Mountain National Park, R. conicus is developing in C. centaureae, C. undulatum, and C. 
tweedyi (Rydb) (Louda et al. 1997).  The Pitcher‟s thistle (Cirsium pitcheri) is listed as 
threatened by the U.S. Fish and Wildlife Service, and R. conicus is attacking it as well 
(Louda et al. 2005).   R. conicus has also spread to the Platte thistle (C. canescens) in the 
Sand Hills of Nebraska, a place where the non-native Musk thistle does not even occur 
(Louda 1998, Louda and Arnett 2000, Russell and Louda 2005).   R. conicus has 
naturalized on the Platte thistle and plant density has dropped dramatically due to 
decreased seed production caused by oviposition (Arnett and Louda 2005).  The Cirsium 
plants most at risk are those that exhibit a similar ecology to Carduus spp. Because R. 
conicus lays its eggs in the flower buds, it will only oviposit on thistles that are budding.  
Thus, thistles that bud after the weevils‟ oviposition period can escape being used 
(Pemberton 2000, Rand and Louda 2006).  This is just one of many ecological aspects 
that can cause variation in the non-target effects of biocontrols.  
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Many studies have looked at biogeographic factors that could influence the 
behavior of R. conicus on non-target species. Certain climatic and biogeographic 
variations among different regions may protect against or further increase native thistles‟ 
risk of attack.  Temperature and precipitation can largely influence the behavior of insects 
and thus could be an important factor for determining R. conicus behavior under certain 
climatic conditions. It was found that there was a detrimental effect on R. conicus 
oviposition when temperature was above 17 degrees Celsius (Smith and Kok 1987).  R. 
conicus phenology was found to accelerate with warmer, wetter springs and weevils 
emerged earlier with increases in winter and spring growing degree days (GDD), spring 
precipitation, and previous summer precipitation (Russell and Louda 2004, Russell and 
Louda 2005, Rand and Louda 2006).  Variation in precipitation and temperature did not 
influence the timing of reproduction in the native thistle C. canescens although these two 
variables did affect R. conicus phenology (Russell and Louda 2004).  However, it was 
later found that neither cumulative precipitation nor mean temperature during R. conicus 
oviposition were good predictors of R. conicus abundance (Rand and Louda 2006). 
Mixed results indicate that the way climate variability is analyzed could influence the 
outcome of the study and subsequent predictions of weevil abundance.  Most importantly, 
climatic factors including temperature and precipitation can influence weevil phenology 
such that a mismatch between weevil phenology and host thistle phenology can mediate 
floral herbivory (Russell and Louda 2004). As previously stated, thistles may be able to 
escape herbivory if the timing of budding is different from the timing of weevil 
emergence and oviposition.  Susceptibility to weevil damage will increase if phenological 
timing is the same for the host plant and the weevil (Louda et al. 2005). Studies should 
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continue to test various climatic factors to better understand them.  Many studies have 
attempted to quantify risk of herbivory in terms of resource availability and associational 
susceptibility. 
Research has evaluated thistles‟ associational susceptibility.  Associational 
susceptibility occurs when two plant species share the same herbivore and the non-target 
plant has a greater chance of damage when it occurs in the proximity of the preferred host 
(Holt 1977).  Many studies have explored associational susceptibility of native thistles 
when in the proximity of the non-native preferred host, Caardus nutans.  Distance of 
non-target species from target species plays a role in indirect attack rates in some 
instances, and not in others.  Native wavyleaf thistles (Cirsium undulatum) that were 
found within musk thistle (Caardus nutans) patches suffer increased damage compared to 
those outside C. nutans patches (Russell et al. 2007).  Egg load on C. undulatum also 
increases with increasing proximity to C. nutans (Russell et al. 2007).  This data qualifies 
the associational susceptibility hypothesis.  Rand and Louda (2006) looked at a native 
population of Cirsium canescens in the Sand Hills, Nebraska, and found R. conicus 
densities to be higher in the middle of the plants‟ distribution, farthest from locations of 
Carduus nutans.  The pattern of C. canescens follows simple biogeographic theory that 
species are the densest in the center of their range and the least dense at the edges of their 
range (Rand and Louda 2006, MacDonald 2003).  Also this study is less relevant for 
distance between target and non-target hosts because C. nutans does not occur in close 
proximity to C. canescens (Arnett and Louda 2002, Rand and Louda 2006).  These 
studies provide interesting evidence that R. conicus has the ability to disperse to new 
populations of C. canescens and establish itself even when the preferred host Carduus 
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nutans is far away.  These studies provide a solid foundation for future work to be done 
concerning the expansion of R. conicus in the Rocky Mountains of Colorado. 
1.4 Research Objectives 
 Research conducted for this thesis concerned two main questions:  
1) What is the current elevational range and distribution of the weevil and thistle host 
plants and 2) can weevils survive through a reproductive cycle at an elevation where they 
do not currently exist?  The first question addresses whether adults are naturally found at 
higher elevations, and whether their presence relates to size of host plant populations 
available.  The second question tests whether survivorship is the limiting factor for 
weevils at higher elevations where they are not found tonaturally occur.  If 
experimentally introduced weevils survive and complete a reproductive cycle, then this 
provides evidence that survival may not limit their presence.  Alternatives would then be 
dispersal limitations, indicating management should focus attention on limiting dispersal 
opportunities for weevils reaching higher elevations, particularly in light of potential 
climate warming.  If weevils do not survive in the experimental introductions, then this 
supports a climatic limitation, which may be subject to change with warming.  This 
research combines an observational and an experimental study to address the questions 
about weevil distribution and potential for impacting native thistles. 
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CHAPTER 2.   THE GEOGRAPHIC DISTRIBUTION OF AN EXOTIC WEEVIL 
(RHINOCYLLUS CONICUS) IN ROCKY MOUNTAIN NATIONAL PARK, 
COLORADO 
 
2.1  INTRODUCTION 
 Biological control agents have been considered valuable because they 
attack specific pest species and are a cost-effective management technique (Debach and 
Rosen 1991, Arnett and Louda 2002).   The coevolved herbivore-plant (weevil-thistle) 
interaction in the natural geographic region is meant to function similarly in the region 
where the thistle has become invasive.   In theory, biological control is a good alternative 
to other forms of management such as pesticide use and manual weeding, but it is hard to 
predict how a weevil in a greenhouse experiment will behave in the field when left to 
naturalize (Zwolfer and Harris 1984).  The weevil, Rhinocyllus conicus Fröelich is an 
example of a species introduction gone awry, since it is now found attacking many native 
North American thistles (Louda et al. 2005).  R. conicus uses one third of North 
American Cirsium species including the federally threatened thistle, Cirsium pitcheri 
(Arnett and Louda 2002, Louda et al. 2005).  “In addition, non-target feeding by R. 
conicus has led to severe declines in the population densities of the native, Cirsium 
canescens Nutt.” (Rand and Louda 2004 p. 1553) With the current rate of expansion it is 
expected that more native thistles will be used by R. conicus.  
Less research has been conducted in Colorado, but R. conicus has been reported 
attacking the native thistles, Cirsium tweedyi, Cirsium undulatum, and Cirsium 
centaureae in Rocky Mountain National Park (Louda et al. 1997).  C. centaureae only 
occurs in Colorado, Utah, and Wyoming and can be found at tree line (USDA Plant 
database 2009, Korth et al. unpubl. data).  Very little is known about the presence of R. 
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conicus in Rocky Mountain National Park besides the research conducted by Louda et al. 
in 1997.  Field studies were conducted in 1996 to show that thistles at lower elevation 
had much higher rates of damage by R. conicus than thistles at high elevation. On 
average, 44% of Cirsium centaureae and Cirsium undulatum flowerheads were damaged 
by R. conicus at an elevation of 2960 meters, compared to < 1% damage of Cirsium 
tweedyi flowerheads at 4150 meters (Louda et al. 1997 p.1089).  This finding provides 
the basis of the prediction that R. conicus presence is related to elevation such that 
weevils are less likely to occur on high elevation thistles.  The Louda et al. (1997) paper 
only provided data for three different sites, and more up-to-date information was needed 
on R. conicus activity across the entire National Park.   
To evaluate R. conicus presence in relation to elevation across Rocky Mountain 
National Park (RMNP), I conducted a survey using elevational transects across a range of 
locations throughout the park.  Native thistle locations and R. conicus presence or 
absence was recorded for sites along trails and roads in RMNP.  The sample sites were 
chosen to maximize the probability of finding weevils along conduits of high human use 
where introduction might be facilitated.  Although interesting, this study did not try to 
address the question of weevil dispersal through the mosaic landscape of meadows and 
forest.  This research provides new information about the distribution of R. conicus in 
RMNP and serves as a foundation for future research on this invasive weevil. 
2.2  METHODS 
2.2.1  Study Site 
   
 To study the hypothesis that Rhinocyllus conicus presence/absence is related to 
elevation and environmental variables, multiple transects were hiked in Rocky  
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Mountain National Park, CO (herein RMNP, Figure 2).   
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Trails were chosen to maximize the area of the park covered and to represent the 
most diverse sample, such that the eastern side and western side of the park were 
surveyed almost equally.  Trails were also chosen based on availability and accessibility.  
If a trail had already reached its hiker quota for the day, a nearby available trail was 
Figure 2. Area studied for presence of Rhinocyllus conicus at different 
elevations. 
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chosen.  Each transect was along a designated hiking trail in RMNP and went from low 
elevation to high elevation.   
2.2.2  Survey Methods 
 One trail was hiked per day and surveys were conducted intermittently between 
August 13
th
 and September 25
th
 2010, when adult weevils were active.  When a native 
thistle was spotted alongside the trail, at least five seed heads were dissected to check for 
R. conicus presence.  Presence was counted if an adult weevil was found or if there were 
signature orange egg sacs on the external bracts of developing flower heads (Russell and 
Louda 2005, Zwolfer and Harris 1984).  R. conicus egg sacs are easily identifiable. 
Presence was scored with a “1,” absence was scored with a “0.”  A Magellan Mobile 
Mapper GPS Unit was used to record GPS locations of all thistles found along trails.  
Elevation was recorded for each thistle site along with the dominant vegetation cover 
type and the number of plants found at each site. The Mobile Mapper is a high accuracy 
GPS unit and we cross-referenced our elevation recordings with a National Geographic 
topographic map © 1988 to ensure the accuracy was within 50 m.  Each vegetation cover 
type was coded with a number in the spreadsheet for reference.  See Appendix 1 for a list 
of the various cover types found. Field tape was used to create a 20m by 20m perimeter 
around the thistle patch with the area of highest thistle density at the center of the patch.  
Thus each thistle patch was 400m
2
, and the number of whole thistle plants bolting within 
the patch was recorded to allow for density comparisons.  No attempt was made to 
determine the magnitude of R. conicus presence since resources were limited and this was 
not in the scope of the research question.  The main goal was to find as many patches as 
possible along an elevational gradient and record whether or not R. conicus was present. 
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2.2.3  Statistical Analysis 
 
 Analysis of the association between R. conicus presence/absence and the 
independent variables was performed using logistic regression in R Version 2.12.1 GUI 
1.35  2004-2010.  A logistic regression is the appropriate statistical test because the 
dependent variable is a binary (presence/absence) response.  Logistic regression utilizes a 
logit, or a logistic transformation of the odds to serve as the dependent variable.  The 
function represents the log odds of a “presence” response in the dependent variable and is 
described as follows: 
log(odds) = logit (P) = log[P/(1-P)] 
The final logistic regression equation is: 
logit(P) = a + bx 
Logistic regression analysis was conducted for the independent variables: elevation, plant 
density, and cover type to determine the best predictor variables of presence/absence.   
A graph was created in R to demonstrate the probability of R. conicus presence by 
elevation.   
 A GIS map of all thistle locations was created using ArcGIS.  The GPS unit 
recorded coordinates and elevation for all thistle locations using the ArcPad program, 
which is directly compatible with ArcGIS.   
2.3 RESULTS 
2.3.1 Survey Results 
 Ten transects were surveyed along elevational gradients in Rocky Mountain 
National Park. A map was created to show the distribution of weevils in RMNP (Figure 
3).  Another map was created of the survey tracks to give examples of what transects  
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Figure 3.  Distribution of Rhinocyllus Conicus in Rocky Mountain 
National Park. 
 
looked like (Figure 4).  Fifty-five locations along these transects contained thistle patches 
where weevil presence/absence and GPS coordinates were recorded. Elevation ranged  
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Figure 4.  Selected survey tracks in the study area showing where 
weevils we were present and absent from thistle habitats. 
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from 2513 m. to 3601 m. (median = 3012 m., mean = 3004 m.).  The number of thistles 
found per 400m
2
 patch ranged from one plant to 70 plants (median = 6, Mean = 12.4, 
Figure 5).   
 
 
 
  
 
 
 
 
 
 
Weevils were present in 19 patches and absent from 36 patches.  
Five different native thistles were found in eight different habitat types (Appendix 1). Of 
the five native thistles found, Cirsium eatonii was the most common with 26 
observations, and Cirsium scariosum was the least common with only two observations.  
Cirsium centaureae was observed eight times.  R. conicus was never observed on 
Cirsium scariosum or Cirsium scopulorum.  Cirsium species that could not be identified 
were recorded as Cirsium spp. 
 Thistle abundance was generally greater at lower elevations as was weevil 
presence (Figure 6).  The highest elevation where weevils were found in RMNP was 
3146 m.  Some trails such as Estes Cone Trail shown in Figure 4, had no weevils at all.   
Figure 5.  Box plots showing elevations where thistles were found and sizes of thistle 
populations (number of plants per each 400 m patch) found during the survey. 
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Sometimes, while hiking along a trail, weevils were absent at lower elevations then 
showed up at higher elevations, such as Sandbeach Lake Trail shown in Figure 4.   
2.3.2  Logistic Regression Results 
 The important variables associated with weevil presence/absence were elevation 
and number of plants per patch (Table 1).   
Table 1. Logistic Regression Results of Weevil Presence/Absence for 9 Transects in 
Rocky Mountain National Park. 
 
 
Significance codes:  0 „***‟     0.001 „**‟      0.01 „*‟  AIC: 58.908     
Null deviance: 70.905 on 54 degrees of freedom    
Residual deviance: 52.908 on 52 degrees of freedom 
 
Predictor variables Coefficient Standard Error Z-value P 
Intercept 13.6353 4.7657 2.861 0.0042** 
Number of Plants 0.0581 0.0275 2.117 0.0343* 
Elevation (m) -0.0051 0.0017 -3.054 0.0023** 
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Figure 6. Dependence of weevil presence (red) or absence (blue) on 
average elevation and thistle patch size 
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Number of plants was used instead of density because the density variable had an inflated 
coefficient due to its constrained range (0.0025-0.1750) and patch size was the same for 
every patch. 
The final regression equation for my model was: 
logit(P) = 13.635 + 23.258X – 0.005X 
To interpret these results, the logit is exponentiated to get the odds ratio.  For elevation 
the odds ratio is calculated as e
-0.0051
 such that for every meter of elevation gained, the 
probability of finding a weevil on a native thistle is multiplied by a factor of 0.995 (P = 
0.0023).  Weevil presence is negatively associated with elevation (Figure 7).   
 
 
 
 
 
 
 
 
 
 
 
 
The relationship between weevil presence and density of the thistle patch was positively 
associated (Figure 8). The odds ratio for plant density is calculated as e
0.0581
 such that for  
Figure 7.  Predicted probability of weevil presence as a 
function of elevation.  
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each addition of a thistle plant, the probability of finding a weevil is multiplied by a 
factor of 1.06 (P = 0.0343). There was no significant relationship between weevil 
presence/absence and vegetation cover type.   
 
2.4 DISCUSSION 
 
 The variables most important in determining weevil presence/absence were 
elevation and thistle density. R. conicus‟ distribution in Rocky Mountain National Park 
could be limited by elevation for multiple reasons.  Extreme low temperatures at high 
elevations, may prevent R. conicus from successfully overwintering in the soil beneath 
the snow pack.  Timing of thistle budding at high elevations may be past the oviposition 
period for R. conicus.  It was not surprising that plant density was positively associated 
Figure 8. Predicted probability of weevil presence as a function of number of plants 
per 400 m
2
 patch  
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with weevil presence.  Other studies have measured density (number of plants/m
2
) and R. 
conicus egg load as a proxy for overall impact of infestation, and found that increased 
density is associated with increased egg load (Rand and Louda 2004, Louda et al. 2005).  
R. conicus seems to prefer denser thistle patches.  Large, dense thistle patches are 
probably easier to find than a single thistle in a large patch.  Low-elevation patches with a 
large thistle population are the most likely to be infested with R. conicus, whereas a small 
population at high-elevation, is unlikely to be infested. In fact, we never found a thistle 
with weevils above 3146 m. in RMNP, although one previous study did report one 
instance. 
 Louda et al. 1997 claimed to have found R. conicus at 4150 m. in Rocky 
Mountain National Park, near the trailhead of Ute Trail, at the top of Trail Ridge Road.  
We revisited this exact site, and did not find any sign of weevil presence after thoroughly 
inspecting the thistles within the patch.  We recorded an elevation of 3520 m. at this site, 
which was 630 m. below the study‟s reported elevation.  Lastly, the thistle species they 
described at this elevation was Cirsium tweedyi, but we believe the species to be Cirsium 
scopulorum, which were never used by R. conicus according to our survey.  
 This research had many limitations that can be improved with more intensive 
survey methods.  Our research sought to determine if R. conicus‟ distribution was related 
to elevation, so the main goal was to find as many thistles as possible along an 
elevational gradient.  Due to time constraints of sampling within one short growing 
season, and with limited personnel available for field surveys, we limited the surveys to 
accessible trails.  Limiting the survey to trails also maximized the likelihood of finding 
thistles, since thistles do well in disturbed areas.  By maximizing the chance of finding 
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thistles, we increased the chance of finding weevils.  Future work pertaining to this 
weevil‟s distribution in RMNP would require locating random samples using GIS to get a 
complete sample of the whole park.  An increased sample size would increase the 
robustness of the logistic regression and more variables could be analyzed.  The sample 
size was too small to look at variables such as slope and aspect, which could be gathered 
from GIS data.  An additional benefit of coarser scale random sampling would be an 
accurate determination of thistle distributions not only with elevation, but across the 
mosaic landscape.  Questions of weevil abundance could be addressed with respect to 
habitat configuration and potential dispersal pathways. 
 In the context of climate change, this research has valuable implications.  Climate 
trends in Rocky Mountain National Park indicate that at a comparable site near 3159 m. 
called Loch Vale, there has been an increase in average air temperature of 1.3°C per 
decade over the last 24 years (Clow 2010). Warming temperatures have resulted in a 
diminishing persistence of snowpack, which may affect the ability of R. conicus to 
overwinter at high elevations.  The current trend of warming temperatures in Rocky 
Mountain National Park will require repeated surveys of R. conicus‟ distribution to 
determine if the weevils range is expanding to higher elevations. 
 Despite its limitations, this study provides up-to-date information on the current 
elevational distribution of an invasive weevil in Rocky Mountain National Park.  Until 
now, little was known about which trails and thistles had weevil infestations.  This 
information can be used for future work concerning R. conicus in RMNP and can be used 
as a starting point to determine if attack rates are increasing, or if trails that were 
previously not infested become infested.  R. conicus was introduced in 1969 and is now 
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attacking native thistles in one of Colorado‟s premier National Parks.  Monitoring the 
status of the native thistles and this weevil‟s presence on them is important to ensure the 
last remaining thistles are protected from future attack.   
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CHAPTER 3: SURVIVORSHIP OF THE EXOTIC WEEVIL (RHINOCYLLUS 
CONICUS) AT HIGH ELEVATIONS IN THE COLORADO FRONT RANGE 
 
3.1 INTRODUCTION 
The weevil, Rhinocyllus conicus Fröelich (Coleoptera: Curculionidae) was 
introduced to North America over four decades ago to control exotic musk thistle 
(Carduus nutans).  Since then, R. conicus has become a hotly debated and widespread 
invasive using at least 25 native Cirsium species (Babendreier 2007, Wiggins et al. 2010).  
R. conicus limits reproductive success of thistles by first laying eggs on the flower bracts. 
After 6-8 days, the eggs hatch and the larvae burrow into the seed head and feed on the 
developing seeds for about 25-30 days, effectively destroying any viable seeds (Hodgson 
and Rees 1976). Although prerelease studies indicated that R. conicus would prefer non-
native musk thistle as the primary host (Zwolfer and Harris 1984), it is clear that R. 
conicus is far more generalized, constantly expanding its range to include more area and 
more thistles.  
Many in-depth studies of R. conicus presence on native thistles have taken place 
in the Midwest (Arnett and Louda 2002, Rose et al. 2005, Russell and Louda 2005, Rand 
and Louda 2006, Russell et al. 2007).  Findings have shown that predictions of ecological 
risk to native thistles based on musk thistle home range distributions can be extremely 
challenging (Arnett and Louda 2002, Rand and Louda 2004).  It has been confirmed 
empirically that invasion by exotic musk thistle significantly increases the risk of R. 
conicus herbivory on native thistles (Rand et al. 2004, Rand and Louda 2004). Thus, 
native thistles that are in close proximity to a large musk thistle patch have a higher 
probability of experiencing damage by R. conicus. Conversely, it was later determined 
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that R. conicus infestation rates can be independent of musk thistle proximity, with the 
highest weevil attack rates in the center of native thistle (namely Cirsium canescens) 
patches rather than near the periphery (Rand and Louda 2006).  Therefore, it has been 
shown that R. conicus abundance varies widely across its range and native thistles have 
become acceptable hosts regardless of proximity to musk thistle.  With a wealth of 
information on patch size and distance to source relationships pertaining to R. conicus 
feeding, it was pertinent to explore a new aspect of R. conicus‟ range that is highly 
understudied.  In particular, the present research sought to determine if R. conicus 
presence was limited by elevation.   
Less research has focused on the occurrence of R. conicus in Colorado and in the 
Rocky Mountains.  Many native thistles occur at high elevations in the Rocky Mountains 
but it was not known if R. conicus could survive in these extreme environments. Thistles 
that flower synchronously with R. conicus activity are at greater risk of attack (Rand and 
Louda 2004), which would lead one to believe that higher elevation thistles that flower 
later in the season would be safe.  To test the prediction that R. conicus cannot survive on 
native high elevation thistles we introduced weevils to caged Cirsuim centaureae thistles 
near treeline at Niwot Ridge, Colorado (Figure 2).  
3.2 METHODS 
3.2.1 Experimental Design and Controlled Introduction 
Cages were placed around twenty individual thistle plants located in the same 
patch at 3,292 m. in the East Bowl of Niwot Ridge.  Thistle species included in the 
experiment were Cirsium eatonii and Cirsium centaurea, which are highly similar 
morphologically and could actually be hybrids at this site.  Identification of the thistles 
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was extremely difficult because Rocky Mountain native thistles are highly understudied 
and identification keys are inconsistent (Weber and Wittman 2001).  Species type was not 
confounding in this case because both C. eatonii and C. centaurea are equally acceptable 
hosts.  Cages were only placed around bolting thistles because thistles without bolts 
would not be acceptable hosts for R. conicus.  The total number of plants included in the 
experiment was 30: 20 caged thistles, and 10 marked control thistles that were not caged.  
Ten of the cages received two mating weevil pairs, and the other 10 cages received no 
weevils so the cage effect could be captured. 
To prevent escape of weevils into high elevation sites where they do not currently 
exist, test plants were covered with caged enclosures.  Enclosures were built out of sturdy 
chicken wire and remay cloth.  Wire was fashioned into a cylinder with a two-foot 
diameter and four-foot height to fit around thistle plants.  Remay cloth is used to prevent 
insects from getting in and out and is known to be effective in caged experiments with R. 
conicus (David Knochel. pers. comm.).  Remay cloth was wrapped around the chicken 
wire and the seam rolled up multiple times then stapled into place to prevent weevils 
from escaping through the seams.  About three feet of Remay fabric was left sticking out 
at the top of the cage to allow easy access to the cage (See Figure 9), and was rolled 
down and clipped shut.  Cages were staked into the ground with 25 cm. staple stakes and 
extra cloth at the bottom of the cage was buried two inches into the soil to seal the bottom 
and prevent escape.   
Mating pairs were collected at a lower elevation site (about 2,951 m.) called Elk 
Meadow near the University of Colorado‟s Mountain Research Station.  At Elk Meadow 
there is a wealth of thistles and R. conicus mating pairs were collected here on July 15
th
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2010.  Each mating pair was placed in separate small plastic containers, which were then 
placed in a cooler to prevent overheating.  Twenty-two pairs were collected in total, in 
case we lost a pair during the introduction.  Weevils were taken to the high elevation 
experimental site known as “Treeline” the same day.  Ten cages were randomly selected 
to receive weevils by flipping a coin in front of each cage.  If the coin landed heads up 
the cage would receive two mating pairs.  This procedure was repeated until 10 cages had 
received two mating pairs each.  After placing the weevil pairs into the cage, the cage 
was immediately rolled up and secured and a waterproof number tag (W1 through W10) 
was placed on the cage for reference (Figure 10).  The cages that did not receive 
 
 
Figure 9.  Weevil enclosure 
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weevils were also labeled NW1 through NW10 and control plants were tagged number 
C1 through C10.  No weevils were released to the wild during the introduction and the 
extra pair was returned to its collection site at Elk Meadow.  Every week after the 
introduction the Treeline cages were monitored and checked for weevil activity.  Notes 
were taken on number of eggs laid and number of weevils that could be seen in the cage.  
Flowerheads were pollinated by hand using a pollen brush to ensure thistles produced 
seed.  We waited two and a half months for the weevils to complete their oviposition and 
larvae to develop to adults before dissecting the seed heads to check the weevils‟ success 
rate. 
Figure 10. Weevil enclosures 9 and 10 received R. conicus mating pairs on July 15, 2010 
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3.2.2  Seed Head Dissection: Elk Meadow 
 To compare reproductive success of R.conicus where it naturally occurs, we 
randomly sampled thistle plants in Elk Meadow on August 28
th
, 2010.  Plants were 
sampled by delineating five equidistant transects running the length of the meadow.  
Three plants were randomly chosen from each transect and all seed heads were removed 
from these plants to gain a representative sample of the meadow.  Seed heads were 
dissected the same day and the number of R. conicus larvae, pupae, and adults per seed 
head was recorded. Fourteen plants in total were examined. 
 
3.2.3 Seed Head Dissection: Treeline  
On September 27
th
 2010, thistle seed heads were collected at treeline from all 
weevil enclosures, whether the enclosure had received a weevil or not. All seed heads for 
one cage were snipped off and placed in the same bag with the label for its respective 
cage number.  Seed heads were taken to a lab at the Institute for Arctic and Alpine 
Research where each seed head was dissected and larvae, pupae, and adult weevils that 
were found in each seed head was recorded (Figure 11).   
3.2.4  Statistical Methods 
 Data were analyzed using R Version 2.12.1 GUI 1.35  2004-2010.   We 
conducted a one sample t-test to determine if the mean number of adults was different 
between enclosures and control plants.  We also conducted a two sample t-test to  
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compare mean number of weevils at treeline and Elk Meadow.  We conducted a two 
sampled t-test to compare average number of viable seeds between experiments at  
treeline, and to compare average number of viable seeds between Elk Meadow and 
Treeline.  
 
3.3 RESULTS 
 
 At Elk Meadow, a total of 97 seed heads were dissected from 14 different thistle 
(Cirsium centaureae and Cirsium eatonii) plants. The average number of seed heads per  
    Figure 11.  Cirsium centaureae seed head from treeline containing R. conicus larvae  
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thistle was 6.71.  The average number of R. conicus larvae, pupae, and adults found per 
plant was 0.38, 1.38, and 0.53 respectively (Figure 12).  At treeline, weevils were able to 
complete their lifecycle successfully, from eggs to adults in the enclosures that received 
mating pairs.  The average number of larvae, pupae, and adult weevils per plant was 0.39, 
0.92, and 1.66 respectively (Figure 12).  With a 90% confidence interval, Treeline had 
significantly more mean adult weevils than Elk Meadow (P = 0.036, df = 12.743).  Cage 
with Weevils had significantly more weevils (P = 0.0042).  At Treeline, in the enclosures 
that did not receive weevils and on the control plants, there was no sign of weevil activity 
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Figure 12. Weevil averages:  Elk Meadow and Treeline 
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therefore larvae, pupae, and adult averages per plant were all zero (Figure 13).  All of the 
cages with introduced weevils  
 
 
 
 
 
 
 
 
 
 
 
 
 
had adults present, with an average of 1.66 adult weevils per cage.  Results from the one 
sample t-test indicated that we could reject the null hypothesis with 95% confidence that 
the mean number of adult weevils was different from zero (P = 0.0042, df = 9).   
We also compared the average number of viable seeds for cages without weevils, 
and control plants with no cages (cages with weevils had no viable seeds) using a two 
sample t-test but the results were not significant  (P = 0.439, df = 11.53).  Average 
number of viable seeds for cages without weevils and the control plants were 0.2 seeds 
and 0.535 seeds respectively.  Compared to Elk Meadow, the average number of viable 
Figure 13. Box plots showing adult weevil distribution for each experimental 
procedure at Treeline.   
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seeds per seed head was lower at Treeline (Figure 14), although this difference was not 
significant (P = 0.1141, df = 14.643).  On average, Elk Meadow had 1.221 viable seeds  
 
 
 
 
 
 
 
 
 
 
 
per seed head even though weevils were actively reproducing.  At Treeline there was an 
average of 0.368 seeds per seed head when only cages with no weevils and control plants 
were included.   
 
3.4 DISCUSSION 
 
 To our knowledge this is the first experimental test of Rhinocyllus conicus‟ ability 
to reproduce at treeline.  The controlled introduction was a success, with 100% 
survivorship in the enclosures with weevils.  There was no sign of weevils outside the 
enclosures, indicating they had not been released to the wild, nor had they arrived at the 
site naturally.  We can conclude that weevils are able to complete their reproductive cycle 
at treeline, although they are not naturally occurring at high elevations at the present time.  
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Figure 14. Comparison of average viable seeds for Elk Meadow and Treeline 
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 R. conicus was able to reproduce at treeline on thistles that had an unsuccessful 
year reproductively.  The average number of viable seeds for control thistles was zero.  
During the treeline seed head dissection process, the seed heads were unfilled and dried 
out.  Despite not having developing seeds to feed on, R. conicus thrived in the seed heads.  
One of the caged plants that received weevils had an average of 4.33 weevils per seed 
head, compared to Elk Meadow, where the highest average for one plant was 2.25 adults. 
This experiment also shows that weevils are able to survive even when there are no 
viable seeds.   
 This experiment only tested survivorship at one elevation – 3,292 m. Therefore, 
we do not know the maximum limit of R. conicus‟ distribution, or the elevation at which 
R. conicus is no longer able to successfully reproduce.  Knowing that R. conicus can 
reproduce at 3,292 m., future research can investigate why R. conicus is not currently 
found at 3,292 m. naturally.  We speculate that R. conicus cannot survive the winter 
conditions at 3,292 m., because weevils must overwinter in the topsoil and emerge in the 
spring.  Data from the C1 climate station at 3021 m. on Niwot Ridge showed that over 
the last ten years (2000-2010) the average minimum temperature during the winter 
months (November to March) has been -10.232°C.  R. conicus may not be able to survive 
below freezing temperatures for such an extended amount of time.  Conversely, climate 
records also indicate that from 1983-2007, annual average air temperatures at C1 have 
significantly increased 1.1°C per decade (Clow 2010).   Rising air temperatures at Niwot 
Ridge could promote R. conicus survivorship at high elevations, therefore the ability of R. 
conicus to overwinter at high elevations in the Front Range must be tested.  Our 
experimental cages were left up at Niwot Ridge, so that this July we can revisit the site of 
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the introduction and see if there are signs of weevils.  If R. conicus overwinters 
successfully, this will be the first experimental evidence of its survivorship at high 
elevations. 
 When placed in the context of a warming climate, this study has implications for 
the future of native North American thistles in the Front Range of Colorado.  R. conicus 
is already widespread invasive throughout the foothills of Front Range.  The thistles that 
have escaped infestation are those at higher elevations, outside R. conicus’ physiological 
limitations.  Plant and animal species found in montane and alpine zones are shifting their 
distributions higher in elevation which may encourage the expansion of R. conicus 
(Baron et al. 2009).  Likewise, the area designated at the alpine West has shrunk by 
nearly three quarters as a result of increased temperatures (Baron et al. 2009). With rising 
winter minimum temperatures, R. conicus will be able to overwinter at higher elevations, 
threatening the remaining native alpine thistle populations.  The spread of R. conicus in 
Colorado is continuing and the current framework of global warming can only improve 
this invasive weevil‟s success rate.   This research provides interesting evidence about the 
potential for R. conicus to spread to new sites in the Colorado Front Range.  Since R. 
conicus‟ introduction in 1969, the weevil has spread to at least 25 native Cirsium species 
in North America and infestation rates have only increased (Babendreier 2007, Wiggins 
et al. 2010).  It is now clear that native high-elevation thistles that were once protected by 
a colder climate, are acceptable hosts for R. conicus.  
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CHAPTER 4: CONCLUSIONS AND FUTURE DIRECTIONS 
 Invasive species have a pervasive impact on native ecosystems worldwide and 
contribute largely to the loss of biodiversity.  Invasive species are those that out-compete 
native species, effectively driving them to rarity or even extinction.  In the United States 
alone, there could be as many as 3,000 exotic species altering native landscapes.  Farmers 
and ranchers are also concerned with the spread of invasive species because the threaten 
farmlands and reduce the quality of grazing.  For example, one species of thistle 
(Carduus nutans) reduces available grazing space and is extremely difficult to control.  
Understanding why non-native species are so successful in their introduced range is a 
complex question that ecological research strives to quantitatively understand. 
 Many theories have been developed to describe the mechanism by which exotic 
species become invasive, but no one theory seems to fully explain this phenomenon.  The 
idea that high biodiversity of native species protects against invasions holds true at the 
fine scale, but breaks down at the broad scale.  High native species richness within a one-
meter patch may be a strong protective barrier, but that same species richness spread over 
10 meters, may not be as defensive.  The species-packing model follows this idea in 
saying that as more niche space is occupied by native species, there is less room for 
exotic species to takeover, but niche space alone cannot explain a community‟s 
invasibility. 
 The enemy release hypothesis states that non-native species become invasive 
because they are no longer being kept in check by their native predators.  Native 
predators such as disease and insects do not exist in the introduced range so the non-
native has effectively escaped its natural enemies and can flourish.  This hypothesis is 
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seen as support for the release of the non-native species‟ predators in the range in which 
the species have become invasive.  The biological control of weeds by their home-range 
predators means natural enemies are introduced to control exotic species.  Although this 
method of weed management is compelling, with any non-native species introduction 
there are side effects.  It is hard to predict the magnitude of the effects of exotic species 
introductions before their release.   
 One biocontrol in particular that was released in 1969, has had drastic side effects 
on native North American thistle species.  The weevil, Rhinocyllus conicus Fröel, was 
released to North America to control non-native musk thistle (Carduus nutans), a major 
economic weed that is severely detrimental to rangelands and required management.  
Although pre-release studies conducted in 1984 concluded that R. conicus would prefer 
Carduus nutans to native North American thistle species, the weevil is now infesting a 
large number of native Cirsium species in the Midwestern states including Colorado.  The 
distribution of R. conicus has been widely studied in the Midwest with most studies 
focusing on the weevil‟s success on native plants when the preferred host (Carduus 
nutans) is nearby.  Findings have shown that R. conicus has naturalized on native species 
despite close proximity to the preferred host.  Less research has been done on geographic 
limitations of R. conicus‟ range across space.  Our study sought to determine if R. 
conicus‟ distribution was limited by elevation since there are native thistles remaining at 
high elevations in Colorado that remained uninfested by R. conicus. 
 Our study sought to examine where R. conicus occurs in Rocky Mountain 
National Park, and whether or not its distribution was related to elevation.  By conducting 
a survey of transects from low to high in RMNP, we were able to determine that R. 
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conicus‟ distribution is associated with elevation and also density of native thistles found 
within patches.  R. conicus is more likely to occur at low elevations than high elevations, 
and more likely to be found in dense thistle patches.  Because R. conicus presence was 
associated with elevation, the next step was to determine if survivorship at high 
elevations was feasible.  We conducted an experiment at treeline (3,292 m.) on Niwot 
Ridge in Colorado, where R. conicus mating pairs were introduced to enclosed thistles.  
We monitored the cage effect by enclosing other thistles that we did not introduce the 
weevil to.  The results of the experiment showed that R. conicus was able to successfully 
reproduce at treeline.  Knowing that this exotic weevil can reproduce at treeline has 
serious implications for the last remaining high-elevation thistles especially in the 
framework of climate change.  With increasing temperatures, mountain species will be 
able to survive at higher elevations and the climatic limitations at treeline may soon 
diminish, leaving alpine thistles vulnerable to infestation by R. conicus. With the 
information provided by this research, we can track the progress of R. conicus in the 
future, and monitor the weevil‟s movement to higher elevations.  Native alpine thistles 
will be increasingly susceptible to invasion by R. conicus, and this work can be used as a 
foundation for management of Colorado‟s last untouched native thistles.  
 Future research on this topic should address a more comprehensive sampling for 
thistle and weevil distributions along the Front Range, identifying other landscape 
variables that might be important in weevil dispersal, colonization of thistles, and 
successful reproduction.   Secondly, although this study confirmed that weevils can 
survive at an elevation higher than where they are naturally occurring, more work should 
be done to determine a finer scale assessment of survivorship across elevation.  
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Introduction and monitoring experiments could be conducted along incremental 
elevations, from an elevation where weevils naturally occur to a higher elevation than 
used in this study.  Incremental elevation data would help identify the tipping point for 
environmental conditions where weevil survival is impossible.  With additional climate 
data an analysis of specific climate factors could identify those conditions.  Finally it is 
recommended that managers monitor the thistle populations at and near treeline to assess 
whether the weevil “infestation line” is moving higher in elevation.  
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APPENDIX.  Metadata for Rocky Mountain National Park survey codes 
 
 
        Code 
Rhinocyllus conicus Presence    1 
Rhinocyllus conicus Absence    0 
 
 
species      Species Code 
eat  Cirsuim eatonii   5 
cent  Cirsium centaureae   4 
scari  Cirsium scariosum   3 
Cirs.sp  Unknowm Cirsium species  2 
scop  Cirsium scopulorum   1 
 
 
Habitat      Habitat Code 
Tundra       1 
Rocky       2 
Aspen       3 
Spruce/Fir       4 
Lodgepole         5 
Ponderosa       6  
Meadow       7  
Riparian       8 
  
 
